INTRODUCTION
The advantages of regional over general anesthesia for cesarean section are well established for both the mother and the neonate. 1 Advantages include lower estimated maternal blood loss, [2] [3] [4] shorter hospital stay, 5, 6 fewer surgical site infections 7 and fewer neonates requiring intubation. 8, 9 Regional anesthesia has thus become the standard of care for the majority of patients undergoing planned cesarean section, 10, 11 with single-shot spinal anesthetic (subarachnoid block), which is now the preferred mode of anesthesia for the majority of European obstetric anesthetists. 12 Under some circumstances, however, including inadequate block 13, 14 and prolonged operating time, 15 planned regional anesthetic requires conversion to general anesthetic. In this scenario, the mother and the baby are exposed to the risks of both types of anesthesia within the same procedure. The aim is thus to avoid conversion where possible. In the United Kingdom, the Royal College of Anaesthetists recommends that o1% of elective cesarean sections should be converted to general anesthesia. 16 Yet reports from UK practice suggest that this standard is difficult to achieve. 14, 17 Even within single centers, yearly rates of unplanned conversion from regional to general anesthesia for elective cesareans vary widely. 18 Prior identification of women at increased risk of unplanned conversion to general anesthesia could allow clinicians to anticipate, prepare for and potentially avert some cases. The first aim of our study is to identify maternal and fetal risk factors associated with increased likelihood of requiring unplanned conversion from regional to general anesthesia.
A second important question is whether unplanned conversion to general anesthesia carries a higher risk of maternal and neonatal complications than planned general anesthesia. If so, it might be considered preferable for cases that are at high risk of conversion to commence under general anesthesia. The second aim of our study is to compare the maternal and neonatal risks associated with the various modes of anesthesia, and, in particular, to compare planned with unplanned general anesthetic.
METHODS
We identified a cohort of 4337 women who underwent non-emergency cesarean section with singleton pregnancies. All deliveries occurred over a 6-year period (January 2008 to December 2013) in a single tertiary obstetrics center in the United Kingdom. All cesarean sections included in the analysis took place with adequate time available to achieve the most appropriate anesthesia. Urgency of cesarean section was defined according to the joint Royal College of Anaesthetists and Royal College of Obstetricians and Gynaecologists Good Practice Guideline. 19 Deliveries included in the analysis were either category 4 'At a time to suit the woman and maternity services' or category 3 'Requires early delivery'. No deliveries where maternal or fetal compromise necessitated delivery within the next 1 h (category 1 or 2) were included.
The default mode of anesthesia for cesarean section in the study center is single-shot subarachnoid block (spinal anesthesia). Other available modalities are epidural, combined spinal/epidural and general anesthesia. At the discretion of the anesthetist (and supervising senior anesthetist if the primary anesthetist is a trainee) any modality may be selected for cases expected to present technical, surgical or maternal physiological challenges. For analysis, each delivery was categorized according to its planned and final mode of anesthesia. The planned mode of anesthesia is that under which the operative procedure was commenced. The final mode of anesthesia is the primary mode of anesthesia at the end of the operative procedure.
Data regarding each woman's pregnancy, labor and delivery were recorded by midwives shortly after the birth, and were subsequently obtained from the hospital's computerized maternity data-recording system. The database is regularly validated by a rolling program of audits, where the original case notes are checked against the information recorded in the database. No patient-identifiable data were accessed in the course of this research, which was performed as part of a provision-ofservice study for the obstetrics center. Individual medical records were not accessed at any stage. Our Institutional Review Board determined that the study was exempt from review.
Characteristics of the maternal-fetal dyad were obtained from the database, including maternal age (at time of delivery, categorized as o20, 20 to 24, 25 to 29, 30 to 34, 35 to 39 and ⩾ 40), maternal body mass index (BMI) at first trimester prenatal booking, ethnicity, gestation (defined by crown-rump length measured at first trimester ultrasound), parity and birth weight. Birth weight was recorded to the nearest gram.
The seniority of operating obstetrician was also recorded and classified into three types. Type 1 obstetricians are doctors with 3 to 5 years of obstetric training. Type 2 obstetricians are senior trainees with 5 to 10 years of obstetric training. Type 3 obstetricians typically have 410 years of clinical obstetric experience. The seniority of the anesthetist is not directly recorded in the database. However, an anesthetist with 410 years training is present on the delivery unit to perform or directly supervise anesthesia for cesarean sections between 0800 and 1800 hours every day. Cesarean sections performed outside of these times (out of hours) are usually performed by trainees who have 43 years anesthetic training. In order to control for the presence of an anesthetist with 410 years of training, we have defined deliveries as occurring 'overnight' (after 1800 and before 0800 hours, that is, not directly attended by a senior anesthetist) or during daytime (after 0800 and before 1800 hours).
Delay in neonatal respiration was recorded where spontaneous respiration was not achieved within 1 min of delivery. Umbilical cord blood was obtained immediately following delivery, and the arterial pH was recorded. Arterial pH was categorized as 47.1 or ⩽ 7.1. 20 Deliveries were categorized as having required full neonatal resuscitation where ventilation and chest compressions were insufficient and drugs were administered. A critical incident form was generated at delivery in the case of any other obstetric or neonatal emergency associated with delivery, including difficulty with intubation or ventilation, maternal visceral injury or any other event generating an obstetric emergency call. Maternal blood loss was measured by theater staff immediately after delivery using suction blood collection and weighing of swabs and other pads. Blood loss was categorized as o1.5 l or ⩾ 1.5 l maternal blood loss.
Group-wise comparisons of women who underwent conversion of mode of anesthesia versus those not requiring conversion were carried out using either Student's t-test or the Mann-Whitney test for numerical data, and Pearson's χ 2 -test or Fisher's exact test for categorical data. To identify risk factors for conversion, unplanned conversion from spinal to general anesthesia was modeled using binomial logistic regression with the following covariates: birth weight, maternal age, maternal BMI, gestation, seniority of obstetrician, delivery out of hours and category of cesarean section. These covariates were selected on the basis of clinical relevance and using Bayesian Information Criterion to optimize model fit.
A series of binomial logistic regression models was used to examine the relationships between mode of anesthesia and adverse maternal or fetal outcomes. Models were constructed for each of the following adverse outcomes: estimated blood loss ⩾ 1.5 l, umbilical arterial pH ⩽ 7.1, delay in neonatal respiration and any critical incident occurring at delivery. Odds ratios and 95% confidence intervals (CIs) for experiencing each adverse outcome are reported for each final method of anesthesia except epidural converted to general anesthesia, which was excluded owing to an insufficient number of cases (n = 15). Each regression model included covariates for birth weight, maternal age, maternal BMI, parity and seniority of obstetrician. Spinal anesthesia (the default mode for cesarean section in this sample) is the reference category to which all other available modes of anesthesia are compared. To specifically compare the likelihood of adverse outcomes between planned and unplanned general anesthesia, we used contrast testing, which allows a direct comparison to be made between the two groups.
Findings were considered statistically significant at an alpha level of 0.05. Power calculations were performed by Monte Carlo simulation, and demonstrated that the study had 480% power to detect 1% differences between groups at an alpha level of 0.05 for binary outcomes. The one exception was the requirement for full neonatal resuscitation (including drugs), where the number of cases was too small. All data analyses were conducted using the R statistical software package version 2.14. 
RESULTS
Women (4337) underwent elective cesarean section (Table 1) . Single-shot spinal anesthetic was planned for 89.3% (3431 of 3840) of category 4 cesarean sections and 80.5% (400 of 497) of category 3 cesarean sections. The rates of planned general anesthesia in the cohort were 1.8% (69 of 3777) for category 4 and 2.9% (14 of 478) for category 3. The overall rate of conversion from any type of regional to general anesthetic was 1.93%. The rates of conversion to general anesthesia from epidural were higher than from spinal (12.9% and 10% for categories 4 and 3 respectively, Po0.001). No cases that were commenced under combined spinal and epidural anesthetic required unplanned conversion to general anesthetic.
Unadjusted comparisons of elective cesarean sections carried out under planned mode of anesthesia versus those requiring unplanned conversion to general anesthesia demonstrated that unplanned conversion was more frequent among women with parity 42 (Po 0.001; Table 2 ). Unplanned conversion was also more frequent among category 3 cesarean sections (P o 0.001) and those that took place out of hours (P o 0.05).
After adjustment for maternal, fetal and delivery-related characteristics, unplanned conversion to general anesthesia was significantly associated with parity 42 (OR 3.82; CI 1.58 to 9.62, Po 0.01) and maternal age ⩾ 40 (OR 4.44 per year; CI 1.08 to 29.88, Po 0.05; Table 3 ). There was no association with delivery out of hours or with category of cesarean section. However, the overall predictive value of this model for identifying cases at risk of unplanned conversion is small (calculated value of McFadden's pseudo-R 2 = 0.06).
Unadjusted comparisons of maternal and fetal outcomes at elective cesarean section according to final mode of anesthesia (originally planned mode versus unplanned conversion to general anesthetic) reveal that estimated blood loss ⩾ 1.5 l (P o0.001), critical incident at delivery (P o 0.001), delay in neonatal Conversion to general anesthesia at cesarean respiration (P o0.001) and requiring full neonatal resuscitation (P o 0.05) were all more prevalent in the unplanned conversion group (Table 4 ).
Comparing maternal and fetal outcomes across all modes of anesthesia after adjustment for maternal, fetal and delivery characteristics, estimated blood loss ⩾ 1.5 l was lowest in the spinal group, with a 45-fold increased likelihood associated with unplanned conversion to general anesthetic (OR 5.74; CI 1.90 to 14.01, P o 0.001; Table 5 ). Compared with the spinal group, there was little difference in the likelihood of blood loss ⩾ 1.5 l between the groups who received planned versus unplanned general anesthesia (OR 5.88; CI 2.23 to 13.58 and OR 5.74; CI 1.90 to 14.01, respectively). No statistically significant difference in the likelihood of umbilical arterial pH ⩽ 7.1 was found between any of the anesthesia groups. Significantly higher likelihoods of a critical incident at delivery and delay in neonatal respiration were associated with the unplanned general aesthesia group compared with the spinal anesthetic group (OR 7.83; CI 2.57 to 19.55 and OR 4.76; CI 1.76 to 11.05, respectively). However, when the planned versus unplanned general anesthetic groups were directly compared, the only significantly difference in outcome was delay to neonatal respiration, which was more likely in the planned general anesthetic group (Table 6 ).
DISCUSSION
We observed that cesarean sections requiring unplanned conversion to general anesthesia are associated with a higher likelihood of adverse maternal and neonatal outcomes compared with cesarean sections completed under planned spinal anesthesia. Risk factors for requiring unplanned conversion to general anesthetic include higher parity and higher maternal age. Despite the low overall predictive power of our model, we found that women of parity 42 are at significantly increased risk of requiring unplanned conversion to general anesthetic. However, unplanned conversion is not associated with a higher risk of adverse outcomes compared with planned general anesthesia. Indeed, the likelihood of delayed spontaneous respiration was lower among procedures involving unplanned conversion. The rate of unplanned conversion to general anesthetic in our sample is almost double the 1% target proposed by the Royal College of Anaesthetists. The striking finding that women of parity 42 are at almost fourfold higher risk of unplanned conversion has implications for focusing attempts to reduce conversion rates. Women with higher parity undergoing elective cesarean sections are very likely to have had previous deliveries by cesarean section (although we were unable to test this hypothesis directly using the data available). Cesarean sections after multiple previous procedures are more likely to be technically demanding owing to the increased likelihood of abdominal adhesions. These challenges can lead to conversion via prolonged operating time, excess hemorrhage or maternal visceral injury, which is time consuming and technically difficult to repair. The increased operating time provided by a combined spinal-epidural approach might therefore be of benefit in reducing the conversion rates in this high-risk group. Our data suggest that this combination may be a helpful approach to reduce conversion, given that no case of combined spinal-epidural was converted in our population during the study period. A limitation of our study is that the individual indications for Cesarean section were not available. Planned cesarean sections at our center are performed in accordance with the indications described in national UK guidance, and are therefore likely to be broadly similar to other UK centers. Difficulties with obtaining and classifying reliable indications for planned cesarean deliveries have been documented elsewhere. 21 Although parity is included as a covariate in our analysis, a further limitation of our study is the inability to control for previous mode of delivery.
Neither the seniority of the operating obstetrician nor delivery during the hours when a consultant anesthetist was present influenced the likelihood of requiring conversion to general anesthetic. These results are consistent with previous findings, which indicate that operating outside of normal working hours influences minor maternal morbidity from cesarean section and prolongs operating time, but does not influence major morbidity or neonatal outcomes. 22 A small number of elective cesarean sections in our cohort (3%) was performed under epidural alone. This mode of anesthesia was associated with increased risk of adverse outcome compared with spinal anesthetic. The reasons for this finding are not discernable from the available data, however, they may relate to the high-risk patient group in whom epidural for elective cesarean is undertaken. This group includes patients with known cardiac lesions or other need for diligent control of mean arterial pressure. Epidural may also be undertaken to allow for the possibility of prolonged operating time where risk factors for intra-operative difficulty are perceived by the anesthetist or surgeon. The selection of epidurals for more difficult cases may thus be reflected by increased adverse outcomes.
Notably, despite being associated with other anesthetic difficulties, 23 high maternal BMI was not an independent risk factor for requiring unplanned conversion in our analysis. Although regional anesthesia may be more difficult to establish in women with high BMI, 24 it is no more likely to fail once established. This may be partly owing to the extra care in siting regional anesthesia in these very high-risk cases, for whom unplanned conversion might prove difficult and potentially dangerous.
Our finding of increased delay to neonatal respiration, but no increase in significant acidosis for neonates delivered under general anesthesia, is in broad agreement with previously published findings. 25 Babies delivered under planned general anesthetic within our study cohort had a 30-fold increased likelihood of delayed respiration at delivery. In the absence of any significant increase in acidosis, this increase is most likely to be a direct consequence of exposure to anesthetic agents. The reduced likelihood of delayed respiration in unplanned versus planned general anesthetic suggests dose-dependent response, as the time of exposure of the infants to general anesthetic is likely to be shorter and some babies in the unplanned group may not have been exposed to the effects of general anesthetic at all, if conversion took place after cord clamping.
Cesarean deliveries converted to unplanned general anesthesia appear to be no more likely to result in adverse maternal and fetal outcomes than those completed under planned general anesthesia. We thus conclude that starting cases under general anesthesia to avoid the risk of unplanned conversion is highly unlikely to be beneficial to women or neonates. Further efforts to identify women at increased risk of requiring conversion and development of strategies to reduce rates of conversion in line with current recommendations are important targets for future research.
